Immediate management of inadvertent dural puncture during insertion of an epidural needle during labour is controversial and evidence to guide clinical practice is limited. We surveyed Australian obstetric anaesthetists by anonymous postal questionnaire. Of the 671 surveys sent, 417 (62%) were returned. Following dural puncture, 265 respondents (64%) indicated that they "would usually remove the Tuohy needle and resite". The most common reason for this decision was concern regarding the safety of intrathecal catheters (ITC) (n=236, 89%), in particular, the risk of misuse (n=182, 70%).
Inadvertent dural puncture occurs in 1 to 2% of epidural insertion attempts 1, 2 . With a 16 to 18 gauge Tuohy needle this results in a post dural puncture headache (PDPH) in up to 80% of cases [1] [2] [3] [4] . PDPH is a leading cause of morbidity and litigation in obstetric anaesthesia practice 5, 6 . This often debilitating headache can render the parturient bedridden and result in reduced maternal-infant bonding 7, 8 , as well as increased length of hospital stay and healthcare costs 4, [7] [8] [9] [10] .
The traditional approach of managing an inadvertent dural puncture is to remove the epidural needle and resite it at the same or a different level. In addition to PDPH, further complications may arise from this technique, including an unexpectedly high block and repeat dural puncture 3 . A 1993 survey revealed that 99% of U.K. maternity units used this approach 11 .
More recently, a trend has been to intentionally insert an intrathecal catheter (ITC) following an inadvertent dural puncture and to leave it in situ for at least 24 hours. This practice is based on the hypothesis that such a technique will reduce the incidence and severity of PDPH while providing rapid, reliable, good quality analgesia 12 . If the incidence of PDPH is reduced by this technique, there would be significant gains in patient care, healthcare costs and avoidance of complications of PDPH and epidural blood patches such as subdural haematoma 13, 14 , paraplegia and cauda equina syndrome 15 . When the survey of U.K. maternity units was repeated in 2003, a substantial change in reported practice was noted, with 28% of units routinely placing an ITC rather than resiting the epidural catheter. A further 31% of units allowed either technique 16 . Unfortunately, the evidence supporting this approach is not strong. Several authors have published case reports describing the prevention of headache with ITCs 12,17-20 . Most notably Kuczkowski reported only a 6.6% incidence of PDPH with a technique that aims to maintain cerebrospinal fluid (CSF) volume 21 . While no prospective randomised control trial has been reported, conflicting results have been demonstrated in retrospective studies in obstetric populations 3, [22] [23] [24] [25] .
Only two retrospective trials have investigated the use of ITCs left in place for variable lengths of time. These studies suggest that the reduction of PDPH is greatest if the ITC is left in place for 24 hours after delivery 22, 23 . In addition, safety concerns with the use of ITCs exist 26 , with complications including high block 3 , accidental misuse 27, 28 , meningitis 29 , CSF leak 30 , tinnitus 31 and breakage of the catheter requiring surgical intervention 32 .
In view of the lack of definitive evidence to guide clinical practice, we surveyed obstetric anaesthetists regarding their current practice following an inadvertent dural puncture during the conduct of an epidural block for labour analgesia.
MeTHODS
Following institutional Ethics Committee approval, a pilot survey of obstetric anaesthetists was conducted at the main tertiary referral centre for obstetrics in South Australia. The final version of the survey was forwarded to the Australian and New Zealand College of Anaesthetists (ANZCA), for approval and distribution anonymously to all 671 Australian-based members of the Obstetric Anaesthesia Special Interest Group (OASIG). The surveys were accompanied with a covering letter and a stamped self-addressed envelope to the lead investigator (MN). Four weeks after the surveys were posted, an email reminder was sent through ANZCA to the 631 members of OASIG with a current email address.
The survey asked respondents to describe their management of an inadvertent dural puncture that occurs while attempting to place a labour epidural. The specific scenario outlined in the survey was: "While attempting to place a labour epidural, an inadvertent dural puncture occurs with cerebrospinal fluid flowing through the epidural (Tuohy) needle".
Respondents who reported that they would usually insert an ITC were asked the reasons for inserting an ITC, the length of time that the ITC was left in post-delivery and any circumstances in which an ITC would not be inserted. Respondents who reported that they would usually remove the epidural needle and resite, were asked the reasons for not inserting an ITC and circumstances in which an ITC would be inserted.
Demographic data were also requested relating to years of experience as a consultant anaesthetist, location and type of obstetric anaesthesia practice and the average number of weekly sessions practised in obstetric anaesthesia.
Data are presented as descriptive statistics, with total number of responses to the question as the denominator.
ReSULTS
We received 417 responses to the 671 surveys posted (62%). The demographic data collected from respondents are outlined in Table 1 . Following an inadvertent dural puncture, 265 respondents (64%) would usually remove the epidural needle and resite, while 146 (35%) reported they would usually insert an epidural catheter into the intrathecal space. Two of these stated that they would tie a knot in the catheter after delivery to prevent accidental misuse.
Within the group of 265 anaesthetists who would resite the epidural, 11 commented that they would inject a low-dose local anaesthetic and/or opioid (6) Values are the number of responses with percentage (n=417) unless stated otherwise.
intrathecally prior to removal of the epidural needle. Three respondents reported that they would perform an immediate epidural blood patch; two stated that they would attempt to carefully withdraw the epidural needle and resite at the same level and one reported injecting 10 ml of intrathecal saline prior to resiting.
Five respondents reported other techniques in the event of an inadvertent dural puncture. Of these, four would inject a low-dose local anaesthetic and/or opioid intrathecally and then reassess the patient's analgesic requirements, while one would abandon attempts at a regional technique. One respondent no longer practises obstetric anaesthesia and did not complete the survey.
The reasons for respondent's preferred techniques are outlined in Tables 2 and 3 .
In the group of 145 respondents who would insert an ITC, 40 (28%) reported that they would remove it immediately after delivery, whereas 86 (61%) would remove it after at least 24 hours.
In the ITC group, 87 (60%) reported that they would not insert an ITC in a hospital without 24-hour on-site anaesthetic cover. Other specific circumstances when an ITC would not be inserted included concern about the ability of labour ward staff to safely manage an ITC (n=11, 8%); specific concern that the patient had a high risk of infection or neurological complication (n=9, 6%); if the anaesthetist was unavailable to personally follow-up the management of the ITC (n=5, 3%); patient refusal (n=3, 2%); and inability to thread the ITC (n=3, 2%).
In the resite group, 102 respondents (39%) reported that they would consider inserting an ITC after a difficult or lengthy attempt, while 136 (51%) would insert an ITC if a caesarean section was expected soon. Other specific circumstances when an ITC would be considered by respondents who would usually resite the epidural included patients for whom vaginal delivery was expected soon (n=5, 2%); extreme maternal distress (n=2, 1%); in a hospital with registrar anaesthetic cover (n=2, 1%); in a patient at high risk of general anaesthetic (n=2, 1%); if the anaesthetist was able to personally manage the ITC (n=2, 1%); and when the perceived benefits of an ITC outweigh the risks (n=1, 0.4%). Only 97 of all respondents (23%) indicated that there were no circumstances in which they would consider inserting an ITC.
The rate of insertion of ITCs was greater amongst anaesthetists who work in public hospitals (39%) or both public and private hospitals (39%) compared to those who work solely in private hospitals (24%). Figure 1 shows that respondents with more years of experience as a consultant anaesthetist had lower ITC insertion rates. Figure 2 shows that respondents who practised more sessions To prevent further attempts 88 (60)
Other 10 (7) To reliably achieve analgesia 6 (4)
Concern with high block when resiting 2 (1)
Remove doubt after catheter placement 1 (1)
Values are the number of responses with percentage (n=146). of obstetric anaesthesia per week were more likely to insert an ITC. Figure 3 outlines the ITC insertion rate according to the predominant site of practice.
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DISCUSSION
This study is the first Australian survey of the immediate management of inadvertent dural puncture while inserting an epidural needle for labour analgesia. Previous surveys in the U.K. and U.S.A. have surveyed obstetric anaesthesia units rather than individual obstetric anaesthetists. The overall ITC insertion rates in our study are comparable with a U.K. survey in 2003, where 28% of maternity units routinely used an ITC following inadvertent dural puncture and another 31% allowed their use 16 . This was in contrast to a survey conducted a decade earlier when only 1% of units allowed the use of ITCs 11 .
Obstetric anaesthetists with fewer years of experience are more likely to use an ITC. This may be because of the recent trend towards the greater use of ITCs in obstetric anaesthesia practice. Anaesthetists with fewer years of experience may have trained in teaching hospitals using this technique, whereas more senior anaesthetists may have had limited exposure to ITC placement.
The more frequent use of ITCs amongst anaesthetists who work more regularly in obstetrics is also not unexpected. These consultants would tend to have more experience with ITCs and perhaps more confidence in the ability of the labour ward staff to safely manage them. A strong opinion expressed by respondents in this survey is that an ITC must be closely supervised by an anaesthetist. This is likely to explain the greater incidence of insertion by those who work at least partly in public hospitals, where it is more common for there to be 24-hour on-site anaesthetic cover.
The relatively high ITC insertion rate in the Australian Capital Territory (ACT) is explained by the protocol at their main teaching hospital, Canberra Hospital. Most of the six respondents from the ACT are likely to work there. Correspondence from an anaesthetist at Canberra Hospital explained that their policy is to routinely insert ITCs.
ITC placement appears to reduce the incidence of PDPH if the catheter is left in situ for at least 24 hours 22, 23 . Indeed, the vast majority of respondents who use ITCs reported placement of ITCs for at least 24 hours. It was surprising that only one-third of respondents who would resite the epidural, indicated that they believed an ITC does not reduce the incidence of PDPH. While there is some evidence to suggest that ITC placement reduces the incidence of PDPH, the majority of obstetric anaesthetists appear not to use them because of safety concerns. It is likely that even if a well-designed prospective randomised control trial demonstrated a reduction in PDPH with the use of ITCs, attention to safety concerns would be needed to facilitate their use. This might include labour ward staff training on ITCs, use of special intrathecal syringes with a unique interlocking mechanism to prevent accidental misuse and education to improve knowledge of the technique.
This study has a number of limitations. First, we only surveyed members of the OASIG in Australia. It is likely that anaesthetists who are not OASIG members practise less obstetric anaesthesia and our study findings suggest that such anaesthetists are less likely to insert an ITC. Second, while the response rate for this survey was comparable to others of this type 33 , non-responders may represent a subgroup with a particular practice. Finally, only about 50% of inadvertent dural punctures will be detected by CSF flow through the needle 6 , thus the scenario described in this study did not account for all situations in which a dural puncture occurs.
Conflicting evidence together with the possibility of selection, observer and publication bias in the studies reported to date suggests that a well-designed randomised trial is required to clarify this issue. This study has shown that despite the lack of definite evidence supporting the use of ITCs, a large minority of obstetric anaesthetists in Australia use this technique. This topic clearly needs further research to guide clinical practice. Future studies will need to address not only the effects of ITCs on PDPH, but also the risk of high block and other complications such as infectious and neurological sequelae. Despite substantial use of ITCs following an inadvertent dural puncture, the majority of obstetric anaesthetists in Australia prefer to remove the epidural needle and resite an epidural catheter, primarily for safety reasons. Advocates of the use of ITCs in this study stated that an ITC provided fast and reliable analgesia, prevented the risk of repeat dural puncture and reduced the incidence and severity of PDPH.
